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Impact of Distributed Antenna Systems on Inter-cell 
Interference 
F Tong, I A Glover, S R Pennock, P R Shepherd 
University of Bath, Department of Electrical and Electronic Engineering, Bath, UK, 01225386307 
Abstract - A distributed antenna diversity system can he 
effective in combating the effects of shadowing, but this 
results in some antenna units being closer to adjacent cells. 
Studying this in a free space propagation environment we 
show that a distributed antenna has marginally worse iuter- 
cell interference than a single antenna at the centre of a cell 
when the total transmission power in the two systems are 
equal. We also show that the orientation of the distributed 
antenna influences the inter-cell interference. However, 
when downlink transmission power is controlled to produce 
constant signal-to-noise ratio acrass the cell, the distributed 
antenna system is seen to yield significantly better 
interference performance than the single antenna system. 
I. INTRODUCTION 
There is increasing interest in using macro antenna 
space diversity to mitigate shadowing, which is a crucial 
cause of outage, especially in the urban area. The basic 
idea is that multiple antenna units sufficiently separated in 
space can provide independent propagation paths for 
diversity [1]-[3]. Distributed antenna diversity extends 
this idea through co-phasing signals at multiple antennas 
deployed in one cell to achieve greater diversity gain and 
better spectrum utilization. 
Such a scheme changes the antenna structure in two 
ways, which influences the co-channel interference. In the 
single antenna case, the base station antenna is located at 
the cell centre. This provides the largest isolation distance 
to the nearest co-channel cell. In the distributed antenna 
case, as the antenna units are shifted away from the cell 
centre toward the cell edge, each antenna unit moves 
closer to a co-channel cell. This decreases the co-channel 
isolation. The effect is more severe when a small reuse 
factor is used. In the single antenna case, the interference 
arises from one antenna so the interference level depends 
only on the distance between the interfering parties. In the 
distributed antenna scheme, however, the interfering 
signal is the summation of signals from multiple positions 
that have different distances from the victim mobile 
station. The interference experienced also depends on the 
distributed antenna orientation. In other words, the 
interference is no longer circular symmetric. The position 
and orientation of the distributed antenna thus influence 
inter-cell interference performance. 
In this paper, the interference of the distributed antenna 
is studied. From a network perspective, we consider the 
case that the distributed antenna is only deployed in one 
micro-cell surrounded by other conventional (single 
central antenna) cells. This micro-cell could be embedded 
in a macro cell using a hierarchical cell structnre or 
surrounded by other micro-cells. T o  simplify the study, 
we only consider the scenario with uniform cell radius. 
Because we concentrate on the changes of the inter-cell 
interference caused by deploying the distributed antenna, 
only a pair of interfering cells is considered. 
The change of the antenna structure influences 
downlink rather than uplink I interference. The uplink 
interference is determined by the distribution of the 
mobile station and has not been addressed. Here we study 
only the downlink case. 
11. SIGNAL-INTERFERENCE-RATIO (SIR) MODEL 
The signal received at the mobile station antenna 
consists of three parts: one is the intended signal (from 
the serving base station); one is the interfering signal 
from the base station antennas in the co-channel cell and 
the other one is thermal noise. When the distributed 
antenna is deployed in the interfering cell, the signal can 
therefore he expressed by: 
N 
r ( t )  =so(?)+ -&(r) +n(t)  (1) 
i = l  
where s , ( t )  is the equivalent complex baseband signal; 
index 0 denotes the intended signal and indices I to N 
denote the interfering signal from i” antenna unit in the 
distributed antenna (comprising N antennas). 
It is reasonable to assume the independence between 
s, ( t )  and s i ( ? )  . For the distributed antenna, we 
consider the transmission diversity scheme in which all 
antennas transmit the same signals with time and phase 
adjustment. If time dispersion is neglected, the si(?) is at 
the symbol level and can be expressed 
as si(?) = f ia ie” , where the is the radiated power 
of each antenna unit. a , i s  the path loss and 4. is the 
phase of the received interference from ith antenna unit. 
As the signals from every antenna unit propagate via 
different paths, the path loss and time delay of the 
received signals are independent. At the victim mobile 
station, the phase of interfering signals are independent 
I The mobile station could benefit from the distributed 
antenna resulting in a decreased transmitter power, which 
improves uplink interference as a consequence. 
European Conference on Wireless Technology 2004, Amsterdam 41 
and identical uniformly distributed. Neglecting thermal 
noise, the SIR is given by: 
III. ANTENNA ARRAY POSITION AND 
ORIENTATION 
In the interfering cell, multiple antenna units (up to four 
in this simulation) are separately installed. To date, there 
are no guidelines determining the deployment of the 
distributed antennas. The antenna units are equally spaced 
round a ring co-centred with the cell. Each antenna 
position corresponds to the centre of a small circle 
tangent to each other and the cell boundary. The radius of 
the antenna ring increases as the number of antenna units 
deployed. The radius of the antenna ring can be expressed 
as: 
(3) 
The radiation pattern of this antenna configuration is 
azimuth periodic with the period of 2 n l  N .  This means 
that locations with 2 n / N  angular separation will 
experience equal interference levels. 
t 
Fig. 1. Distributed antenna geometry 
The orientation of the distributed antenna is defined by 
the smallest angle subtended by an antenna unit and the x- 
axis at the centre of the cell. 
IV. SIMULATION AND RESULTS 
The downlink inter-cell interference has been simulated 
for a pair of co-channel cells. The interfering cell is 
equipped with a distributed antenna. A grid of mobile 
station positions is randomly sampled so that the statistics 
of SIR are obtained. At each position, the signal strength 
and interference strength are estimated using the above 
model and the instantaneous SIR is calculated. The 
complex signal envelope is determined using the free- 
space propagation law. 
A. Distributed antenna vs. single antenna 
To make the comparison fair, the total transmission 
power of the distributed antenna is the same as the single 
antenna. Each antenna unit bas an equal share (IN) of 
total power. 
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Fig. 2. SIR CDF for reuse factors of 1 and 3 
Fig. 2 shows the SIR cumulative distribution function 
(CDF) for reuse factors of 1 and 3. The distributed 
antenna increases inter-cell interference. It can also be 
seen that the multiple antenna unit cases have similar SIR 
CDF. That this is plausible can be seen from the 
observation that antenna units are located approximate 
half radius closer to the co-channel cell. In the edge area 
in the victim cell, therefore, although the transmission 
power from one antenna unit is lower than for a single 
antenna, decreased distance between antenna unit and 
mobile station results in a stronger interference. 
B. Impact of array orientation 
The orientation of the distributed antenna influences 
inter-cell interference. For a specific victim cell, the CDF 
of SIR under various antenna array orientations has been 
simulated. Before choosing the sample orientation, we 
consider the radiation pattern periodicity of the antenna 
array. If hexagon is assumed, the co-channel in the same 
tie will have 60' angular separation. 
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Fig. 3. Impact of antenna m a y  orientation 
Orientation is therefore examined between 0" and 
60". For a given reuse factor and number of antenna 
units, the initial orientation is set to be 0' (n=l), i.e. one 
antenna unit points to the victim cell centre. The antenna 
array is then rotated in 30" (n=2) steps to 60" (n=3). 
Fig. 3 shows the influence of orientation on the SIR in 
the victim cell. With a reuse factor of 1, the maximum 
improvement in SIR gained by rotating the antenna 60' 
off the victim cell centre is 3 dB (for the 2 antenna unit 
case). This means the victim cells in the first tie will have 
unbalanced interference. As the reuse factor and number 
of antenna units becomes larger, the influence of the 
orientation gets less. In the case of a reuse factor of 3 and 
3 antennas units, the effect of orientation is insignificant. 
This is because the difference due to antenna orientation 
is obscured by the long propagation path. 
C. Combining with power control 
The advantage of the distributed antenna is that it 
decreases the mean propagation distance and combats the 
shadowing encountered in the urban area. This could lead 
to a decrease of the transmission power while still 
maintaining acceptable link quality. 
If power control in the downlink is used, the channel 
quality is kept constant in terms of the received signal 
power, The total power is adjusted therefore and 
transmission powers at all antenna units are controlled in 
a unified way. It is worth noting that the received power 
of the intended signal is the result of coherently 
combining the signals from the distributed antenna units. 
This is based on an assumption that perfect coherent 
transmission diversity is possible. 
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Fig. 4. SIR CDF with power control applied 
Fig. 4 compares the CDF of SIR when power control is 
used in both of the two cells. Two kinds of randomness 
are involved. One is the mobile station position in the 
distributed antenna cell, which will result in the changing 
of transmission power. The other is the mobile station 
position in the victim cell, which will change the distance 
between the two stations interfering with each other. In 
each cell, a grid of mobile station positions is sampled. 
For each position in the distributed antenna, all grid 
positions in the victim cell are sampled to collect the 
instantaneous SIR. This process is applied to all mobile 
station locations in the distributed antenna cell. The CDF 
is obtained based on the resultant SIR samples. 
It is observed from fig. 3 that the distributed antenna 
produces a significant decrease in inter-cell interference. 
For a reuse factor of 1, the four antenna units case 
achieves a maximum improvement of 6 dB due to the 
decrease of the transmission power, especially in the edge 
area. This is because, in the distributed antenna case, 
mobile stations can talk to nearby antenna units using 
much lower power than talking to the centred antenna. As 
reuse factor gets larger, this gain diminishes (from 6 dB 
to 4 dB as reuse factor increases from 1 to 3). This is 
because the power reduction due to the power saving due 
to power control is less significant than the increased 
attenuation due to the increased large co-channel 
separation. 
V. CONCLUSION 
Inter-cell interference of the distributed antenna has 
studied by simulation in a two cells free space 
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environment. In constant total transmission power scheme 
the interference caused by the distributed antenna is 
greater than that of a single antenna. The antenna m a y  
orientation has an intluence on the resultant interference 
especially when the reuse factor and number of antenna 
units are small. By offsetting the orientation of the 
distributed antenna from the co-channel cell centre, the 
interference level can he decreased marginally. 
For constant channel quality with only the minimum 
necessary transmission power, the distributed antenna 
shows significant improvement in inter-cell interference 
over the single antenna. The distributed antenna therefore 
has potentially better spectral efficiency in the network 
sense. 
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